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PROBLEM TO BE SOLVED: To secure sufficient auxiliary capacitance 
when a forming very fine active matrix display device which has small 
pixel area. 

SOLUTION: On a flattened film 103, a 1st transparent conductive film 104 
and an insulating film 105 for a capacitor are stacked and an opening part 
106 is formed. An insulating film 107 is formed thereupon and the 2nd 
transparent conductive film is patterned to form a pixel electrode 108. At 
the time, the auxiliary capacitor 109 is formed sandwiching the insulating 
film 105 between the 1st transparent conductive film 104 and pixel 
electrode 108. 
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What is claimed is: 

1. A semiconductor device comprising a plurality of 
pixels arranged in a matrix shape and auxiliary capacitors 
provided for each of the plurality of pixels, wherein the 
5 auxiliary capacitors have a structure in which a first 
transparent conductive film, an insulating film for a 
capacitor and a second transparent conductive film are 
stacked in order, and the first transparent conductive film 
and the insulating film have the same pattern shape. 
10 [0034] 
[Embodiments ] 
[ Embodiment 1 ] 

An example of a fabrication process in a case 
where a liquid crystal display device is fabricated is 
15 explained with reference to Fig. 3, as a semiconductor 
device having the constitution according to the present 
invention . 

[0035] 

First, a glass substrate of which surface is 
20 provided with an undercoat film made of silicon oxide was 

prepared as a substrate having an insulating film. It is a 
matter of course that a quartz substrate (an undercoat film 
may be omitted) , a ceramics glass substrate and a silicon 
wafer formed with a thermally oxidized film may also be 
25 used in addition to the glass substrate. 
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[0036] 

Next, a TFT 102 was completed by a known means. 
In the present embodiment, a technique described in 
Japanese Patent Kokai Publication No. 7-135318 by the 
5 present applicant was used. According to the technique 

described in the publication, it is possible to fabricate a 
TFT having a structure as shown, for example, in Fig. 3(A). 
[0037] 

Then, a planarizing film 303 was formed in a 
10 manner so as to cover the TFT 302. Although an acrylic was 
used as the planarizing film 303 in the present embodiment, 
another resin material may be used. After that, a first 
transparent conductive film 304 and an insulating film 305 
for a capacitor are laid on the planarizing film 303 (Fig. 
15 3 (B) ) . 

[0038] 

As the first transparent conductive film 304, a 
100-nm thick ITO (indium tin oxide) film formed by a 
sputter method was used. In the present embodiment, ITO 

20 was used as a target, while a film formation pressure was 
set to 3X10" 3 torr using a mixed gas of argon and oxygen. 
Film formation was performed under the control of 1 . 5-A DC 
current, and the temperature of the substrate was set to 
room temperature. 

25 [0039] 
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As in the present embodiment, in a case where a 
resin material was used as an undercoat (a planarizing 
film) , a process requiring that the substrate be heated 
becomes a problem in that the resin material was degassed, 
5 which is not suitable. The sputter method enables film 

formation at room temperature, which was a favorable means 
in that respect. 
[0040] 

As the insulating film 305, a 50-nm thick silicon 
10 oxide formed by the sputter method was used. At this time, 
the film thickness of the insulating film 305 can be made 
thinner than that of the first transparent conductive film 
304, which is the advantage of the present invention. 
[0041] 

15 In the present embodiment, Si0 2 was used as a 

target, while a film formation pressure was set to 3X10" 3 
torr using a mixed gas of argon (30sccm) and oxygen 
(lOsccm) . Further, the film formation was performed under 
the control of 2000-W RF power supply, and the temperature 

20 of the substrate was set to room temperature. 
[0042] 

In this case, since the first transparent 
^ ~ conductive fiTST 304 was already formed, there are no 

problems involved in degassing of the resin material. 
25 However, if the temperature of the substrate is high, the 
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film quality of the first transparent conductive film 304, 
which is made of ITO, becomes a crystalline state, thus 
causing a problem in that the substrate is hardly capable 
of being etched, 
5 [0043] 

The finding that the present inventors have 
obtained is that, when the temperature of the substrate 
reaches 180°C or higher, etching the ITO film becomes 
difficult. On the other hand, when the temperature of the 
10 substrate is lowered excessively, the film quality of the 
insulating film 305 deteriorates. That is, a harmful 
influence such as lowering of the dielectric strength 
arises . 

[0044] 

15 Experimental results reveal that the film 

formation requires to be performed preferably at a 
temperature of not higher than 180°C (preferably in the 
range between 100°C and 150°C) . In order to achieve this 
condition, the sputter method is judged to be the most 

20 favorable film formation method. 
[0045] 

It is a matter of course that a CVD method is 
also applicable if the film formation can be achieved in 
the temperature range as described above. Further, if the 
25 first transparent conductive film 304 and the insulating 
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film 305 are consecutively laminated using a film formation 
apparatus of multi-chamber system without being exposed to 
the atmospheric air, it is possible to prevent the 
auxiliary capacitor from short circuiting due to dust and 
5 so on. 

[0046] 

Although a silicon oxide film was used as the 
insulating film 305, a transparent insulating film other 
than the silicon oxide film may also be used in the present 

10 embodiment. As the relative dielectric constant increases, 
a sufficient capacitance can be secured even if the film 
thickness is increased. This made it possible to achieve a 
further decrease in the generation rate of the failure due 
to a short circuit. Needless to say, if the film thickness 

15 is too large as described above, through-put performance 

deteriorates. Thus, it is better to set its upper limit to 
200 nm. 

[0047] 

After a state shown in Fig. 3(B) was obtained, an 
20 opening 307 was formed at a position where a contact hole 
providing an electrical connection between a drain 
electrode 306 and a pixel electrode (not shown) was to be 
formed. The opening 307 is desirably adjusted to have an 
aperture sufficiently larger than that of the contact hole, 
25 which is formed later. This makes it possible to prevent a 
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short circuit between the first transparent conductive film 
304 and the pixel electrode (Fig. 3(C)). 
[0048] 

In the present embodiment, a 3-|im margin was 
5 allowed for the aperture of the contact hole to form the 

opening 307. If the radius of the contact hole is r |im, it 
suffices to make the radius of the aperture r+3 jam. 
[0049] 

In the formation of this opening 307, using the 
10 same resist mask, the insulating film 305 and the first 
transparent conductive film 304 were etched so that the 
same-shaped openings were individually formed. That is, 
patterning was performed so that the insulating film 305 
and the first transparent conductive film 304 had the same 
15 shape. 

[0050] 

Further, buffered hydrofluoric acid was used for 
etching the insulating film (silicon oxide film) 305 and 
the first transparent conductive film (ITO film) 304. 
20 Since a silicon oxide film and an ITO film almost have the 
same etching ratio as to buffered hydrofluoric acid, it was 
possible to make the openings provided in both of the films 



the same shape. 
[0051] 

25 At this time, if the etching rate of the 
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insulating film is higher, a step-shaped opening can be 
formed, thus making it possible to form an opening with a 
good coverage. The above-mentioned conditions can be 
adjusted depending on the type of etchant, the qualities of 
5 the insulating film and the first transparent conductive 
film and so on. Needless to say, patterning may be 
performed twice so that these films are separately 
subjected to an etching process. 
[0052] 

10 Next, an interlayer insulation layer 308 having a 

low relative dielectric constant (a second interlayer 
insulation layer) was formed to cover the insulating film 
305 and the opening 307. Although an acrylic having a 
relative dielectric constant of 3.2 was used as the 

15 interlayer insulation layer 308, any material may be 

applicable as long as it has a relative dielectric constant 
of not more than 4.0 (preferably not more than 3.5) (Fig. 
3(D) ) . 

[0053] 

20 After forming the interlayer insulation layer 308, 

patterning was performed so as to remove a part of the 
interlayer insulation layer 308. This part corresponded to 
_ _ -a = regTorT whlrF Tn^uxTliary "capacitor was to be formed 

afterward. The region where the auxiliary capacitor was to 

25 be formed roughly corresponds to an image display area 
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(pixel) . 

[0054] 

In this state, since the opening 307 was covered 
with the interlayer insulation layer (preferably resin 
5 material) 309, it was possible to prevent the occurrence of 
a short circuit between the pixel electrode and an end face 
of the first transparent conductive film. 
[0055] 

At the same time, a contact hole 310 for 
10 providing a connection between the pixel electrode (not 

shown) and the drain electrode 306 was formed at a region 
where the opening 307 was formed. 
[0056] 

In this process, a resist mask (not shown) was 
15 formed at a predetermined position of the interlayer 
insulation film 308, followed by etching to give a 
patterned interlayer insulation layer 309. Then, using the 
resist mask as such, the planarizing film 303 was etched to 
form the contact hole. At this time, if the etching 
20 condition is set so that a side wall of the contact hole is 
tapered, it is possible to prevent the pixel electrode from 
being benched. 

- - - - - - — -f O 0 ErJ f - ~ " = "~ ~" - ~ - * " ' ~ 

Afterward, a 120-nm thick ITO film was formed as 
25 a second transparent conductive film, which was then 
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patterned to form a pixel electrode 311. In a part in 
which the pixel electrode 311 is in contact with the 
insulating film 305, it was possible to form an auxiliary 
capacitor 312 by the insulating film sandwiched by the two 
5 transparent conductive films. 
[0058] 

A top plan view of the pixel in a state where the 
auxiliary capacitor 312 was formed is shown in Fig. 5. 
Incidentally, a cross sectional view taken generally on 
10 line A- A' of Fig. 5 corresponds to Fig. 4(B). 
[0059] 

In Fig. 5, the reference numeral 501 indicates an 
active layer made of a semiconductor thin film, the 
reference numeral 502 indicates a gate wiring, and a 

15 portion where the gate wiring 502 and the active layer 501 
overlap. is particularly referred to as a gate electrode. 
Further, the reference numeral 503 indicates a source 
wiring, and the reference numeral 504 indicates a drain 
electrode . 

20 [0060] 

The reference numeral 505 indicates a pixel 
electrode made of a second transparent conductive film, 
under "which the first transparent conductive film (not 
shown) and the insulating film (not shown) are laminated. 

25 In the structure shown in Fig. 5, a region 506 surrounded 



by a bold line constructs a three-layer structure made of 
the first transparent conductive film/the insulating film 
/the second transparent conductive film, which is to 
function as an auxiliary capacitor. 
[0061] 

In the pixel structure having the above 
constitution according to the present embodiment, a region 
that is to serve as the auxiliary capacitor substantially 
occupies the whole region within the pixel. Therefore, it 
has the advantage that the substantially same area as that 
of the image display area can be secured. 
[0062] 

A particularly characteristic point in the 
structure of the above embodiment resides in the fact that 
the first transparent conductive film and the insulating 
film are laminated, whereby the film thickness of the 
insulating film can be made as thin as 10 - 200 nm 
(preferably 50 - 100 nm) . 
[0063] 

Thus, an auxiliary capacitor wherein the ratio of 
the capacitor forming area is high and wherein the film 
thickness of the dielectric is small can be formed. 
Accordingly, even T'f"tKe"relative dielectric constant is 
not so high, a sufficient capacitance can be secured. This 
means that a degree of freedom of a selectable material is 
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largely expanded. 
[0064] 

As a result, it is possible to preferentially 
select a material having a high transmittance 
5 characteristic. Alternatively, the film thicknesses of the 
transparent conductive film and the insulating film are 
appropriately combined so as to exert an anti-reflection 
effect, whereby a high transmittance can be realized. On 
the other hand, the material and film thickness of the 
10 dielectric are limited to some extent in the conventional 
structure, and thus degrees of freedom of them are low. 
[0065] 

The state shown in Fig. 4(B) is a state where a 
TFT-formed side substrate (active matrix substrate) of a 
15 liquid crystal display device has almost been completed. 

Actually, there is a process of forming an orientation film 
in a manner so as to cover the pixel electrode. 
[0066] 

Further, preparing an opposing substrate fitted 
20 with an opposing electrode and an orientation film, and 

sealing a liquid crystal material between the active matrix 
substrate and the opposing substrate, an active matrix-type 
~ liquid crystal display device having a structure as shown 

in Fig. 6 is completed. As to a process of sealing a 
25 liquid crystal material, all that is required is to use a 
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known cell assembling process, and thus the detailed 
explanation is omitted. 
[0067] 

In Fig. 6, the reference numeral 601 indicates a 
5 substrate having an insulating surface, the reference 

numeral 602 indicates a pixel matrix circuit, the reference 
numeral 603 indicates a source driver circuit, the 
reference numeral 604 indicates a gate driver circuit, the 
reference numeral 605 indicates an opposing substrate, and 
10 the reference numerals 607 and 608 are externally fitted IC 
chips . 

[0068] 

The IC chips 607, 608 are optionally fitted. A 
circuit having the equivalent functions may optionally be 
15 formed integrally with a source driver circuit, a gate 

driver circuit and the- like, instead of the IC chips. That 
is, a signal processing circuit such as a D/A converter and 

a y-correction circuit may be constituted of a TFT. 
[0069] 

20 Furthermore, although the present embodiment is 

described taking a liquid crystal display device as an 
example, it goes without saying that the present invention 
can be applied to an EL (electroluminescence) display 
device and an EC ( electrochromics ) display device as long 

25 as the device is an active matrix-type display device. 



